Crescentic glomerulonephritis (GN) without immune reactants or deposits (referred to as pauci-immune) is typically characterized by the presence of anti-neutrophilic cytoplasmic antibodies (ANCA). While ANCA-negative patients might be expected to have a more benign course, they often have poor renal outcomes, especially without treatment with steroids and immune-modulating therapy. Pauci-immune crescentic GN can also co-exist with other autoimmune conditions, including rheumatoid arthritis (RA). Here, we describe an ANCA-negative patient with RA who developed dialysis-requiring acute kidney injury (AKI) with findings consistent with focal pauci-immune crescentic GN (i.e., no IgG or immune complex on kidney biopsy). Coexistent conditions included Klebsiella sepsis attributed to pneumonia, rhabdomyolysis, leukocytoclastic immune-mediated skin vasculitis, and positive ANA. He had spontaneous improvement in renal function without immunosuppressive therapy. This crescentic GN was
Introduction
We present a unique case of a patient with underlying rheumatoid arthritis (RA) with an anti-neutrophilic cytoplasmic antibodies (ANCA)-negative, immune-negative focal crescentic glomerulonephritis (GN) in which the kidney injury was self-limited. Pauci-immune crescentic GN is generally attributed to autoimmune disease characterized histologically by the lack of immunoglobulin deposition within the kidney on immunofluorescent staining. It is the most common cause of rapidly progressive GN in the adult population, with higher rates amongst whites, males, and individuals >65 years of age [1, 2] . The majority of cases of pauci-immune crescentic GN are ANCA positive with ANCA-positive rates reported as high as 80-95% [1, 3] . However, studies have shown that pauci-immune GN can be ANCA negative in 10-38% [3] [4] [5] [6] [7] . There is still limited research on the characteristics and treatments of ANCA-negative crescentic GN, since these comprise only a small percent of pauci-immune crescentic GN [4] [5] [6] [7] . Despite possible different disease processes, the suggested treatments often remain the same with the use of steroids and immune-modulating therapies for most cases [4] [5] [6] [7] . Studies that have followed ANCA-negative patients after treatment have found that renal outcomes were either comparable or worse amongst ANCA-negative patients, with the overall survival remaining equal between the two groups [4] [5] [6] [7] . There are cases of pauci-immune crescentic GN that co-exist with other autoimmune conditions, including RA, but with uncertain renal significance and variable outcomes [8] [9] [10] [11] [12] . An important additional cause of crescentic GN can be infection [13] [14] [15] . This case report serves to improve the understanding of the relevance of crescentic GN in RA and the need to be aware of possible infectious triggers rather than autoimmune processes.
Case Presentation
A 55-year-old male with longstanding RA, hypertension (HTN), and a history of alcohol use disorder was admitted with rash, worsening edema, and abdominal distention for the prior 5 days. He denied fever, chills, sweats, and abdominal pain. He had been treated with methotrexate at RA onset 20 years before but had received no recent RA therapy. There was no history of D-pencillamine use. Additional details of his RA were not available as his medical follow-up had been sporadic. He had joint deformities in his hands but no history of kidney disease or lung disease. There was no radiologic imaging available to determine if there was erosive arthritis. Medications prior to admission included a statin for about 1 year for a history of possible transient ischemic attack and hyperlipidemia and amlodipine for HTN.
On physical examination, his temperature was 98.1 F, blood pressure was 142/84, and pulse 104. The patient's heart and lungs were unremarkable, but abdominal examination suggested shifting dullness, and he had marked lower-extremity edema. He had MCP subluxation and ulnar deviation in the hands consistent with RA. A purpuric rash over the lower extremities was noted. Within the first day of hospitalization, the patient developed fever, hypotension, tachycardia, and tachypnea. He was treated with fluid resuscitation, vasopressors, and broad-spectrum antibiotics for suspected sepsis.
Admission laboratory results revealed a hemoglobin level of 9.9 mg/dL, platelets of 81,000, white count of 7.3, AST of 1105 U/L, ALT of 224 U/L, alkaline phosphatase of 426 U/L, total bilirubin 4.6, direct bilirubin 3.6, and creatine phosphokinase of 30,000 U/L. Creatinine was 2.3 mg/dL (baseline was 0.8 mg/dL a few months earlier), and urinalysis tested positive for blood on dipstick but no protein or leukocytes. Urine myoglobin returned positive at 1,091 ng/mL. His statin was discontinued upon admission in the setting of rhabdomyolysis. Initial urine sediment revealed scattered dysmorphic red cells and rare granular casts.
Concern for vasculitis triggered additional workup including serologic testing. This revealed rheumatoid factor 1,512 (normal <20), cyclic citrullinated peptide 269 U/mL, normal <17), ANA 1:320, C3 46.8 mg/dL (normal 85-193), and C4 8.9 mg/dL (normal 12-36). Testing for MPO-ANCA (myeloperoxidase) and PR3-ANCA (proteinase 3), SSA, SSB, and ds DNA were negative. Hepatitis B and C serologies were negative. Testing for cryoglobulins was negative. Serum electrophoresis was normal, but there was a mild elevation in circulating IgA (409 mg/dL, normal range 69-382) on quantitative immune globulins. CXR showed multilobar airspace opacities and small bilateral effusions; abdominal ultrasound with a subtle coarse, hepatic echo texture suggesting cirrhosis and mild ascites; as well as normal kidneys and a normal gall bladder.
Initial blood cultures grew Klebsiella oxytoca. CXR revealed progression of bilateral airspace disease and pulmonary edema. Platelet count dropped to 25,000, hemoglobin dropped to 6.1 mg/dL, and white count increased to 19,000 presumed secondary to disseminated intravascular coaguation.
On hospital day 3, he developed oliguria and required continuous veno-venous hemodialysis. After a week of intravenous cefipime and supportive care, all parameters improved, except his kidney function. As he remained dialysis dependent, a kidney biopsy was performed ( Fig. 1, 2, 3 ). Skin biopsy was also performed.
Kidney biopsy was performed, revealing a focal necrotizing GN with a crescent (1 of 10 glomeruli, Fig. 1 ), acute tubular injury (mild) with intratubular myoglobin (Fig. 2, 3 ). Immunofluorescence was negative, including specific testing for IgG, IgA, IgM, complement C3, and kappa and lambda light chains. Electron microscopy showed no immune deposits. These changes were interpreted by the pathologist as consistent with pauci-immune crescentic GN, acute tubular necrosis, and myoglobin cast nephropathy.
A skin biopsy showed leukocytoclastic vasculitis with positive staining for immunoglobulins IgG, IgA, IgM, and complement C3 (all localizing to the vessel walls).
Treatment with corticosteroids and immunosuppressives for crescentic GN and vasculitis was considered. However, in face of resolving Klebsiella sepsis and otherwise improving clinical status, no immune suppression was given, and the patient was discharged on hemodialysis with plans for close follow-up. His statin medication was not resumed.
Two weeks after discharge, urine output spontaneously returned to normal, and serum creatinine dropped to 1.3 mg/dL. His dialysis was discontinued without incident.
A follow-up creatinine 3 months later returned to his premorbid baseline of 0.8 mg/dL. Follow-up urinalysis at that time was negative for protein or blood, and 24-h protein was within normal limits at 207 mg/24 h. Given the biopsy findings and positive serologies, close follow-up was recommended.
The patient was scheduled for follow-up with rheumatology and nephrology but declined to follow-up as he felt better and lived 2 h away from the tertiary care hospital.
Communication from his primary care physician several months later noted an episode of inflammatory pericarditis 3 months after discharge that seemed to respond to colchicine and nonsteroidal anti-inflammatory agents. He was asked to follow with cardiology and rheumatology but again declined.
Ten months later, the patient, per primary MD, was noted to have normal kidney function without use of immune-modulating agents. The patient was then lost to follow-up until he presented to an outside hospital 2 years later and was noted to have developed complications of severe right heart failure and pulmonary HTN. He died related to these complications 2 years after his original presentation.
Discussion
Pauci-immune crescentic GN can co-exist with other autoimmune conditions, including RA [8] [9] [10] [11] [12] . However, clinical significance to renal outcome and how aggressively to treat is uncertain. Here, we describe an ANCA-negative patient with RA who developed dialysis-requiring acute kidney injury (AKI) with findings consistent with focal pauci-immune crescentic GN (i.e., no IgG or immune complex on kidney biopsy) as well as ATN. He had spontaneous improvement in renal function without immunosuppressive therapy.
Another consideration in the case presented here was infection-triggered crescentic GN, as infection is also known to trigger crescentic GN and vasculitis and can even be associated with the development of ANCA positivity [13, 14] . This is particularly the case when the infectious agent is Staphylococcus (which was not the agent in our patient). The patient presented in this case initially had suppressed complement and skin vasculitis with all immune globulins, implying that immune-mediated vasculitis might also be present on kidney biopsy. Most cases of infection-related crescentic GN have immune deposition on immunofluorescence or electron microscopy. Neither of those features was seen in our case. A similar case of pauciimmune ANCA-negative crescentic GN was reported after Gram-negative infection [15] . This was attributed to molecular mimicry related to the homology between the lysosomal protein of the human neutrophil to bacterial adhesion molecule.
Renal involvement related to RA was in the differential diagnosis. Renal disease can occur in RA and may be related to the disease-modifying therapy used to treat the disease in some cases [8] [9] [10] [11] [12] . However, when renal disease is present and unrelated to drug toxicity, GN is most likely to be observed. Some studies have reported RA and crescentic GN, but most of these cases were either ANCA positive or failed to report the occurrence of ANCA [8] [9] [10] [11] [12] . A case report published in 2003 by Hsieh et al. [12] was the first to describe a case of ANCAnegative pauci-immune crescentic GN in a patient with RA, similar to the patient reported here. The case describes a 37-year-old Chinese female with an established diagnosis of RA who had not been receiving treatment with disease-modifying anti-rheumatic drugs other than herbal Chinese supplements on admission. ANCA was negative. Immunofluorescence of the kidney glomeruli was negative, and a renal biopsy showed crescents in 3/14 glomeruli. The patient was treated initially with IV methylprednisolone and 10 sessions of plasma exchange, which were not adequate since the patient's renal function deteriorated and required maintenance hemodialysis. The study shows that ANCA-negative crescentic GN occurring in RA can occur and may have severe clinical manifestations. In most cases, treatment of the disease should be considered as soon as crescentic GN is detected to increase the chances of improvement in kidney function.
Despite our patient's complicated history of rheumatological disease (including positive rheumatoid factor, cyclic citrullinated peptide, and ANA), rhabdomyolysis, and leukocytoclastic immune-mediated vasculitis on skin biopsy, the acute renal disease was likely multifactorial, including rhabdomyolysis triggered by Klebsiella sepsis with pneumonia along with statin use as the patient spontaneously recovered renal function, with follow-up urine without any hematuria or proteinuria after treatment of infection and without immune-modulating therapy. It was also deemed likely that the crescentic GN was triggered by the infection and not an autoimmune manifestation.
In these circumstances, with severe AKI, the clinical decision to observe and monitor versus immune suppression can be difficult. In our case, the presence of focal crescent GN on kidney biopsy in a patient with severe AKI was not a harbinger of poor renal outcome. The AKI was felt to be related to his sepsis and rhabdomyolysis. Crescentic GN may be an incidental finding, particularly if focal. If the clinical picture has alternative explanation for the AKI, use of aggressive immune suppression may not always be indicated, particularly as the crescentic GN can be triggered by infection. However, these patients do require close follow-up, as this finding could represent evidence of a smoldering underlying autoimmune process that could lead to adverse outcome in other organs. Our patient did have other subsequent organ system disease with development of symptomatic pericarditis and eventually died 2 years later of complications of severe pulmonary HTN after he had declined close medical follow-up.
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